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The diversity of reproductive modes within the Cnidaria is greater than that

of most other metazoan groups. This is particularly evident among the sea

anemones, for which Chia (1976) has compiled a list of reproductive modes, and

has speculated on their evolution and adaptive significance. Reproduction in Hali-

planclla (-- Diaduiucnc ) Inciac Verrill is of special interest because H. liiciae

has greatly expanded its geographical range since the turn of the century (Uchida,

1932; Stephenson, 1935; Hand., 1955; Shick and Lamb, 1977). This species

now occurs intertidally on boreal (Uchida, 1936; Williams, 1973), temperate

(Stephenson, 1935; Hand, 1955) and tropical (Dunn, personal communication;
Belem and Monteiro, 1977) coasts.

The ability of H. luciac to establish new populations is extraordinary since,

unlike other intertidal invertebrates, H. litciae has never been observed to produce
larvae as agents of dispersal (Davis, 1919 ; Shick, 1976). All observed reproduction
has been asexual, through longitudinal fission (Hargitt, 1912; Davis, 1919), and

less commonly by pedal laceration (Atoda, 1954; Johnson and Shick, 1977).

Although a single fission event infrequently produces multiple individuals, most

fission events are binary, and analogous to cytokinesis (Atoda, 1976; Minasian,

1976).

Longitudinal fission permits the rapid establishment of intertidal clones (Chia,

1976; Francis, 1976). The strategic advantages of fission have been recently

discussed by Francis (1976) and Shick and Lamb (1977). Hoffmann (1976)
and Shick and Lamb (1977) described the genetic composition of different con-

specific clones of anemones, and have made valuable inferences concerning advan-

tages of asexual reproduction in contrast to sexual reproduction.

Understanding the contribution of asexual reproduction to the success of

H. luciac makes necessary the analysis of asexual reproductive rates and their

regulation. However, few studies have evaluated asexual reproductive rates of

sea anemones, partly due to a lack of standardized methods.

Researchers of hydroid development have calculated exponential rates of increase

(symbolized "A'") in numbers of polyps in laboratory cultures (Loomis, 1954),

and have related these rates to environmental variables (Fulton, 1962; Davis,

1971). Minasian (1976) determined k (fission rate) in laboratory populations of

H. liiciae, and quantified the effect of feeding frequency on k. The occurrence

of fission in H. Inciac is affected by temperature (Miyawaki, 1952) and fluctuating

1 Contribution No. 51 of the Tallahassee, Sopclioppy & GuU' Coast Marine Biological

Association.

478



REGULATIONOF FISSION IN H. LUCIAE 479

temperature-emersion treatments (Johnson and Shick, 1977) ;
but the effect of

temperature on k was not quantified in those studies.

The present study quantifies the combined effects of temperature and feeding

frequency on A' in H. luciac, and provides a comprehensive analysis of longitudinal-
fission activity in a sea anemone. This includes previously undescribed char-

acteristics of fission activity, essential to the understanding of the regulation of

longitudinal fission. In addition, we describe a method for establishing and main-

taining permanent in ritro clonal cultures of H. luciac. This has enabled us to

obtain a range of possible values of k in a clone of H. luciac from northwestern

Florida.

MATERIALS AND METHODS

Establishment of clonal cultures

Specimens of H. Inciae were collected on 2 October from a sand-flat intertidal

region adjacent to the Florida State University Marine Lab near Turkey Pt, on

the N. W. Florida Gulf coast. These anemones occur on the undersides of

sedimentary stones, accompanied by barnacles (Chthamalus fragilis} in the upper
littoral region, and oysters (Crassostrca virginica) in the mid-littoral region.

//. luciac cloned from this location (29 54.8' N, 84 30' \Y ) have a brownish-green
column with 12 to 24 yellowish-orange longitudinal stripes in large individuals.

Shick and Lamb (1977) found a sample of striped H. luciac from this population
to consist of two different genotypes (i.e. clones). The specimens of H. luciae

cloned in this study are presumed to belong to the same genotype, since they are

phenotypically (sex and color) identical and phenotypically distinguishable from

the second striped clone present at the collection site.

To establish clonal cultures, three individual anemones of average diameter

(about 5 mm) were isolated in three covered glass storage dishes (Corning #3250),
each containing approximately 200 ml natural sea wr ater (28 to 30/<r). These

cultures were maintained at room temperature (22 to 25 C) under a 14/10 hr

light-dark cycle provided by a fluorescent (cool-white) light source, and fed to

repletion (30 to 60 min ) with newly hatched Artcinia nauplii every second day.
All culture dishes were rinsed briefly with distilled water and refilled with fresh

sea water daily. The number of anemones in each culture increased rapidly through

longitudinal fission.

After 3 months each clonal culture was divided into two cultures, producing
a total of six clonal cultures. These served as stock cultures for the experiments,
and w^ere kept under the same photoperiod at a temperature of 16 to 18 C ; feeding-

frequency was reduced to twice per week. Every 4 to 6 weeks each clonal culture

was transferred to clean glassware. Clonal cultures were maintained under this

standardized regimen for at least 4 months before being used in experiments.
Anemones from stock cultures were less than 7 mm in diameter ; histological

examination showed that none of these anemones bore gonads.

Culture experiments

For each experiment, six duplicate cultures were set up by placing 10 anemones

from each stock culture in glass bowls (glass stacking dish, Wheaton #350134)
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which were 11.5 cm in diameter, and contained approximately 150 nil of sea water.

Sets of six cultures were then placed under one of nine different experimental

regimens. These regimens, evaluating combined temperature and feeding effects

upon fission activity, were as follows: fed once every 2 days at 26, 21 or 16 C;
fed once every 4 days at 26, 21 or 16 C; starved at 26, 21 or 16 C. Thus the

entire experiment involved a total of 54 clonal cultures, each initially containing 10

anemones. In addition, fission activity in stock cultures was evaluated by setting

up six experimental cultures as above, and observing fission activity for 3 months
under maintenance conditions (fed twice per week at 16 to 18 C). Experi-
mental cultures were exposed to the new temperature for 2 days before beginning
the experiment, providing time for attachment of anemones to culture bowls. The
second day after transfer to culture bowls (day 0) marked the start of the experi-
ment ;

for experimental groups receiving food, day was the day of the first

feeding. These cultures were also under a 14/10 hr light-dark cycle. Anemones
were counted daily, at which time they were fed, if necessary, and the sea water

changed.

Sta fist ical analysis

Fission rates were calculated from the least-squares regression equation of the

natural log number of anemones as a function of time in culture : InA^ = kti + \nN .

Here the rate of increase in log number of anemones (InAfj) on a given day (1)
is defined by the fisson rate (k), which is the slope of the regression line. The
number of polyps present at the start (day 0) of the culture interval, and Y-

intercept of the regression line, is \nN
(l . This equation was employed by Loomis

(1954) and Fulton (1962) to calculate the exponential rate of increase (k) for

asexual production of hydroid polyps, in which Ni = N e.
k<i

.

Since exogenous factors can impose a variable delay period prior to the

initiation of fission, it was necessary to recognize two distinct parameters for fission

rate, defined as follows. The overall fission rate (k} is the rate of increase during
the entire culture interval, including the initial delay before the onset of fission.

The second parameter, /c.,,,j, gives the rate of increase subsequent to the initial

delay period. Adjusted fission rate (A' a ,ij)
is calculated by the same method as

k, except that the first data entry, day 0, is the day prior to the first occurrence

of fission. Hence, &a(] j designates the rate of increase only after the initiation of

fission, rather than during the entire culture period, and better estimates the rate

of active, sustained fission. Where the delay before onset of fission is absent or

very short, k k a< \j.
Both k and k.^ were calculated for each culture, except

where fission activity was not sustained and considered to be nonexponential. The

delay before the onset of fission also was calculated for each culture.

The effects of temperature and feeding on k and &ad j
were evaluated by means

of a two-way analysis of variance (ANOVA). Paired comparisons between sta-

tistical means were performed using /-tests.

The percentage of anemones undergoing fission per day was calculated as

follows OVi AVi) -100/A
r

j, where N
{

is the number of anemones on a given day,

and Afj-i is the number present on the previous day. An angular transformation

was performed on these percentage data, and means and standard deviations
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FIGURE 1. Semilogarithmic plot of numerical increase through longitudinal fission in

cultures of H. luciac, reared under conditions of routine maintenance (171 C, fed twice

per week). Day is 2 days after transfer to culture bowls from stock cultures. Each
point is a mean of six cultures, each intially containing 10 anemones; error bars are

standard deviations. The slope of the regression equation, InNi = kti + \nN
,

is the fission

rate, k (see Materials and Methods for further explanation). The slope of the solid line ()
is 0.0149 0.0017 (mean s.d.) ;

the slope of the broken line, A- adJ (0.0162 0.0010), is

corrected for the initial delay period prior to the start of fission activity.

calculated for each regimen. On plots of the temporal pattern of fission pulses,
the scale of the ordinate conforms to the transformation, whereas the units on

the ordinate are actual, untransformed percentages. This transformation is

necessary to assume normality (Sokal and Rohlf, 1969). Means and standard devia-

tions were calculated for relative maxima of all fission pulses (pulse maxima),
and for relative minimal values between fission pulses (pulse minima) ;

these were

evaluated using a multiple-range (Student-Neuman-Keuls) test. Lengths of

intervals between fission-pulse maxima were also determined. A G-test for

independence (Sokal and Rohlf, 1969) was performed on frequency data for

pulse intervals. Test statistics corresponding to probabilities of less than 0.05 were

regarded as significant.

RESULTS

Characteristics and exogenous regulation of fission activity

Figure 1 illustrates prominent characteristics of fission activity in clonal

cultures reared under the standard maintenance regimen. These characteristics
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FIGURE 2. Semilogarithmic plot of numerical increase through longitudinal fission in

cultures of H. luciac fed once every 2 days. Each point represents a mean of six cultures,

each initially containing 10 anemones
; error bars are standard deviations. Three experimental

culture temperatures were used: (a), 26 C; (b). 21 C ; (c), 16 C.

included : first, an initial delay period before the onset of fission
; second, an

exponential fission rate followed by a temporary cessation of fission
; and third,

resumption of the exponential fission rate. The variable delay lasted for 21.33

4.46 (mean s.d.) days, although one culture initiated fission as early as day 18

(Fig. 1). This delay was initiated by the mechanical disturbance imparted in

transferring anemones to new culture bowls. For the entire culture interval of

92 days, k -- 0.0149 0.0017 (mean s.d.) ; with the delay period omitted from

calculation, A' a ,ij
= 0.0162 0.0010. The calculation for fc ad j usually increased the

estimate of fission rate in addition to shifting the regression line to the right.

Figures 2 and 3 demonstrate the numerical increase in cultures of H. htciac
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which were fed Artemia. At 26 C little or no delay occurred prior to the onset

of fission
; hence k and k. lA j

were essentially identical. Only when anemones were

fed once every two days at 16 C was AVIJ significantly larger than k (Mest,

P<0.05).
Values of fc adj in experimental cultures ranged from 0.0278 (doubling time =

24.9 days) at 16 C to 0.0728 (doubling- time == 9.5 days) at 26 C, in cultures

fed every second day. Analyses of temperature and feeding effects showed both

factors to significantly affect k and ail j,
based upon comparisons between 21 and

26 C regimens (Table I). Temperature coefficients (Qio) for A' adj over the 21 to

26 C temperature range were 1.6042 and 1.6759 for feeding frequencies of 2 and

4 days, respectively (Table II). Thus, the difference in feeding frequency did

not influence the effect of temperature upon &a(lj in this range. Since the Qm
for the 16 to 21 C range was much larger (Table II), the greatest effect of

temperature on !Klj
occurred below 21 C.

-a-
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FIGURE 3. Semilogarithmic plot of numerical increase through longitudinal fission in

cultures of H. liiciac fed once every 4 days. Each point represents a mean of six cultures,

each initially containing 10 anemones; error bars are standard deviations. Three experi-
mental culture temperatures were used: a), 26 C; (h) 21 C; (c), 16 C.
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TABLE I

Means standard deviations for values of k and k a dj for H. luciae reared at different temperatures and

feeding frequencies. Each experimental mean consisted of six bowls, each initially containing 10 ane-

mones. The resulting two-way ANOVAwas performed on four means (21 vs. 26 C, fed every

second or fourth day). The ANOVAresults were the same for both k and k a dj, and indicate if an effect

upon k was statistically significant ( + ) or not significant ( ) at the 5% level; n.c. =
fission activity

not sufficient to calculate k.

Feeding frequency

Temperature

16 1 C 21 1 C 26 1 C

Values of k

2 days
4 days
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TABLE III

Means standard deviations for delay to onset of fission (days) in H. luciaea/ different temperatures
and feeding frequencies. Each experimental mean consisted of six bowls, each initially containing 10

individual anemones. The two-way ANOVAresult indicates if an effect on fission delay is statistically

significant ( + ) or not significant ( ) at the 5% level.

Feeding frequency
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Days

FIGURE 5. Percentages of H. Indue undergoing fission per culture per day in cultures

fed once every 2 days. Each percentage is a mean of six cultures ; arrowheads indicate feeding

days. Data \vas subjected to angular transformation prior to statistical computations; plotted

means are transformed data. The ordinate indicates actual, untransformed percentages.

Three culture temperatures are represented: (a) 26 C; (b) 21 C; (c) 16 C.
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TABLE IV"

Different lengths of time periods between peak values of fission activity (pulse maxima), observed in II.

luciae culture populations. Cultures initially consisted of 10 anemones each and were reared under

different temperature and feeding regimens for 1 month. Six clonal cultures were reared under each

different culture regimen. The percentage of fissions occurring each day were then averaged, and the

peaks of fission activity determined. Occurrence of the various lengths of pulse intervals depend upon
culture conditions (G-test for independence, P < 0.05).
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FIGURE 6. Percentages of H. luciac undergoing fission per culture per day in cultures

fed once every 4 days. Each percentage is a mean of six cultures, each containing 10 or

more anemones; arrowheads indicate feeding days. Data was subjected to angular transforma-

tion prior to statistical computations ; plotted means are transformed data. The ordinate

indicates actual, untransformed percentages. Two culture temperatures are represented :

(a) 26 C; (b) 21 C.
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2-day intervals. Only one period of 2 days was observed at the 4-day feeding

frequency (Fig. 6b). Table IV summarizes the occurrence of pulse periodicity,
which is dependent upon culture conditions (G-test, P < 0.05).

Pulse maxima often attained 10 to 20% of the culture population undergoing
fission per day (untransformed percentages are given on the ordinate in Figs.
5 and 6). Pulse minima usually dropped below 4% fissions per day in cultures

exhibiting lower values of k (Table V). Mean values of pulse maxima were

generally indicative of values of ad j.
For example, a mean pulse maximum of

13.393 (arcsin-V%fissions/day) corresponded to a mean k., it]j
of 0.0574, while

a significantly lower (Student-Neuman-Keuls, P < 0.05) mean pulse maximum of

7.920 (arcsin-V% fissions/day) accompanied a A' a( ,j
of 0.0278 (Table V). Like-

wise, significantly lower values of A' !1( ij accompanied lower values for pulse minima

(Table V).

DISCUSSION

The distinction between k and fc
a(lj

is important for the analysis of fission activity

in H. hiciae. Fluctuations in population size and density are best considered in

terms of k rather than fc ad j,
since periods of fission delay, as opposed to active periods

of fission, are not easily distinguished in field studies. Moreover, fission-related

morphological variability (Minasian, 1979) is best understood in relation to

the total number of fissions over an entire interval (k}, rather than the sustained or

maximal rate of fission during part of that interval (7c a ,ij). The parameter &afii

is a more accurate indication of active fission than is k. Hence, A' ad j
should be used

to examine experimental effects upon fission rate. The calculation of k^ requires

that data be collected at frequent, preferably daily intervals.

The present study reveals three different effects of temperature upon fission

activity. The first effect is upon fission rate. The Qm value for a(11 in the

16 to 21 C range was three times greater than the Qio value for the 21 to 26 C

range. Sassaman and Mangum (1970) similarly found that oxygen consumption
in H. Iiiciac showed disproportionately large Qio values over a range of 10 to

17.5 C. The second effect of temperature, a lengthening of the delay period, was

also greatest below 21 C. Temperature also affected fission-pulse patterns: in

cultures fed every second day, a 10 C decrease in culture temperature caused a

40% drop in the frequency of fission pulses, and a signficant decrease in values

of pulse maxima and minima.

The great response of fission activity to small changes in temperature indicates

that temperature is the foremost exogenous regulator of k. Miyawaki (1952)

believed that a temperature threshold of approximately 15 C, below which no

fission occurred, existed for H. luciae. He observed no longitudinal fission at

temperatures below 20 C. The present study shows that values of k for this

Florida clone decrease sharply as temperatures descend to 15 C, and in this respect

agrees with Miyawaki's (1952) observations on Japanese H. luciae. However,

a temperature threshold which limits fission in H. luciae is dependent upon other

parameters which also affect k, such as food availability. Thus, k is best regarded

as having a graded response to temperature, rather than an absolute threshold of

15 C.
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Tlie effect of feeding frequency upon k appears to be temperature-dependent.

Although halving the feeding frequency resulted in reductions of k by only

4.5% at 26 C, and 8.9% at 21 C, a relatively large effect of decreased feeding

frequency upon k occurred at 16 C, where the delay period was greatly lengthened.
A temperature-dependent effect of feeding on the morphology of H. luciac reflects

such interaction of effects on k (Minasian, 1979).

Exogenous factors determine sensitivity to mechanical stimuli which interrupt
fission activity. Transferring anemones to new culture vessels (when setting up
experimental cultures) imparted a mechanical disturbance, which caused little or

no fission delay at high temperature and feeding frequency ;
but at low temperatures

and feeding frequencies this delay may last for several weeks. Johnson and Shick

(1977) demonstrated that fluctuating immersion-emersion cycles decrease fission

activity in H. luciae. The mechanism underlying this effect may involve mecha-

nically induced delays.

The synchrony of fission cessation following initial fission activity in low-tem-

perature cultures (Fig. 1) is reminiscent of a synchronized cell culture (e.g.,

Zeuthen and Scherbaum, 1954; Zeuthen, 1964), and implies the existence of

relatively constant periods between fissions among individuals within the culture

population. This long-term fission synchrony is most evident at low temperatures
because periods between fission events are lengthened. When exogenous factors

permit only short periods between fissions, such long-term synchronization is not

observed. Studies on the lengths of inter-fission periods must be made on individual

anemones to ascertain if inter-fission periods are relatively constant in duration,

and how they change due to exogenous influences. The inter-fission period may
simply be a delay in response to the previous fission event, which itself constitutes

a mechanical disturbance.

The coincidence of fission pulses with feeding days, in cultures fed every second

day, points to a regulatory role for other exogenous, and possibly endogenous
factors. Photoperiodic and feeding-digestion cycles appear to be involved. For

example, cultures of H. luciae are more active during dark portions of the photo-

periodic cycle, and usually exhibit greater fission activity in the dark (Minasian,

unpublished data). Similarly, Batham and Pantin (1950) observed pedal loco-

motory activity of the sea anemone, Metridium senile, to occur only at night.

Although feeding causes long-term enhancement of fission, Torrey and Mery
(1904) suggested that fission in PI. luciac is inhibited by feeding. Thus, interaction

of photoperiodic rhythms and short-term inhibition by feeding produces a 2-day pulse

pattern in cultures fed at 2-day intervals: fission is inhibited during the first dark

period subsequent to feeding, followed by a release from inhibition and increased

fission activity during the second dark period after feeding. This inhibition of

fission during hours subsequent to feeding explains the even-day duration of

periods between fission-pulse maxima in cultures fed at 2-day intervals.

In cultures fed at 4-day intervals, periods between fission-pulse maxima are

longer, with pulses of fission activity often beginning during the 24 hr subsequent
to feeding. Minasian (1976) similarly observed that H. luciae undergo more

synchronous fission activity in response to renewed feeding when starved for longer

periods. Thus, cultures fed at different frequencies have inherent differences in

the response of fission activity to feeding. If there exists an endogenous influence
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on the fission-pulse pattern, it may permit synchronization of fission pulses with

2-day feeding intervals, hut not with 4-day intervals.

The extreme sensitivity of fission activity to temperature indicates that the

clone of H. hiciac examined in these culture experiments must achieve recruitment

primarily when temperatures exceed 20 C. Below 20 C, low-temperature inhi-

hition is reinforced by tidal cycles, which can limit food availability and impart
mechanical disturbance through immersion-emersion effects. Hence, below 20 C
k will be small, and delays between major pulses of fission activity will be long.
Previous studies (Shick and Lamb, 1977; Minasian 1979) have stated that

the absence of gametogenesis (i.e., absence of sexual reproduction) in H. luciae

is associated with small size (and hence high k}. Thus, the 15 to 20 C
temperature range probably marks a crucial transition from small, sterile and strictly

asexual anemones exhibiting high k, to larger, sexually reproductive anemones
which exhibit only infrequent fission. Under present culture conditions, periodic,

pulsed increments of fission activity are best interpreted in relation to two periodic,

exogenous stimuli : photoperiod and feeding. In natural populations of H. luciae,

periodic stimuli include photoperiod and tidal fluctuation, of which the latter

involves both feeding and a mechanical (immersion-emersion) effect (Johnson
and Shick, 1977). Therefore, it is possible that such pulses of fission activity have
a phasic dependence upon tidal and photoperiodic cycies in intertidal populations
of H. luciae. An investigation of fission activity under field conditions may elucidate

this relationship.

The authors thank Dr. D. A. Meeter for consultation regarding the statistical

analyses, and Dr. W. H. Heard and R. W. Seaton for comments on the manuscript.

SUMMARY

1. Permanent cultures of a clone of H. luciae from N. W. Florida were reared

under different temperature and feeding regimes in order to identifiy and quantify

parameters of asexual reproduction.
2. The principle components of fission activity include fission rate, a delay

period following a mechanical disturbance, and periodic pulses of increased fission

activity ; all components are regulated by temperature and feeding frequency.
3. A distinction is made between fission rate including the delay period (k),

and fission rate following the delay period (& a rij)-

4. Fission rates (& a <jj) ranged from 0.0162 (doubling time =: 42.8 days) at

17 C to 0.0727 (doubling time == 9.5 days) at 26 C.

5. Temperature is the foremost regulator of k
; the greatest influence of feeding

frequency was upon periodic pulses of fission activity.

6. Culture data indicate that recruitment in natural populations of this clone

is restricted by seasonal temperature; below 20 C there is a sharp reduction

in k. It is suggested that inhibition of k by temperatures below 20 C favors a

transition from asexual to sexual reproduction.
7. The pulsatile, periodic character of fission activity is prominent in laboratory

cultures, and suggests that such activity in natural habitats may have a phasic

dependence upon tidal and photoperiodic cycles.



492 L. L. MINASIAN, JR. AND R. X. MARISCAL

LITERATURE CITED

ATODA, K., l.->4. The development of the sea anemone, Diaduincne In cine, reproduced by the

pedal laceration. Sci. Rep. Tohoku Univ.. Set: IV (Biol.). 20: 123-129.

ATODA, K., 1976. Development of the sea anemone IJaliplanclla Indue. V. Longitudinal fission

and the origin of mono-, di, and tri-glyphic individuals. Hull. Biol. Stat. Asanntshi, 15 :

133-146.

BATHAM, E. J., AND C. F. A. PANTIN, 1950. Phases of activity in the sea-anemone,
Mctridiuiit senile (L.), and their relation to external stimuli. /. Exp. Biol. 27-
377-399.

BELEM, M. J. C., AND D. C. MONTEIRO, 1977. ContribuigSes ao conhecimento de fauna de
cnidarios do Rio de Janeiro. II. Haliplanella luciae (Verrill, 1898) (Actiniaria,

Acontiaria), uma nova occurrencia no Brazil. Univ. Fed. Rio de J., lust. Biol.. Dept.
Zoo/., 26: 1-19.

CHIA, F. S., 1976. Sea anemone reproduction: patterns and adaptive radiations. Pages 261-270
in G. O. Mackie, Ed., Code/iterate ecology and behavior. Plenum Press, New York.

DAVIS, D. W., 1919. Asexual multiplication and regeneration in Sagartia luciae Verrill.

J.Exp. Zoo/., 28: 161-263.

DAVIS, L. V., 1971. Growth and development of colonial hydroids. Pages 16-36 in H. M.
Lenhoff et al., Eds., Experimental Coelenterate bioloi/y. University of Hawaii Press,
Honolulu.

FRANCIS, L., 1976. Social organization within clones of the sea anemone Aiitlmpleura elct/an-

tissiina. Biol. Bull., 150 : 361-376.

FULTON, C., 1962. Environmental factors influencing the growth of Cord\lophora. J. E.vp.

Zoo/., 151 : 61-78.

HAND, C., 1955. The sea anemones of central California. Part III. The acontiarian anemones.
U'asmann J. Biol., 13 : 189-251.

HARGITT, C. W., 1912. The Anthozoa of the Woods Hole region. Bull. U. S. Bureau Fish.,
32: 223-254.

HOFFMANN, R. L, 1976. Genetics and asexual reproduction of the sea anemone Mctridiuin
senile. Biol. Bull.. 151 : 478-488.

JOHNSON, L. L., AND J. M. SHU K, 1977. Effects of fluctuating temperature and immersion on
asexual reproduction in the intertidal sea anemone Haliplanella luciae (Verrill) in

laboratory culture. /. E.vp. Mar. Biol. EcoL, 28 : 141-149.

LOOMIS, W. F., 1954. Environmental factors controlling growth in Ilvdra. J. E.vp. Zoo/., 126:

223-234.

MINASIAN, L. L., JR., 1976. Characteristics of asexual reproduction in the sea anemone,
Haliplanella luciae (Verrill), reared in the laboratory. Pages 289-298 in G. O.

Mackie, Ed., Coelenterate ecology and behavior. Plenum Press, New York.

MINASIAN, L. L., JR., 1979. The effect of exogenous factors on morphology and asexual

reproduction in laboratory cultures of the intertidal sea anemone, Haliplanella luciae

(Anthozoa: Actiniaria) from the coast of Delaware. /. E.vp. Mar. Biol. EcoL, 40:

235-246.

MIYAWAKI, M., 1952. Temperature as a factor influencing upon fission in the orange-striped
sea anemone, Diaduinene lucine. J. Fac. S'ci. Hokkaido Univ., Scr. IV

, Zoo!., 11 : 77-80.

SASSAMAN, C., AND C. P. MANGUM, 1970. Patterns of temperature adaptation in North
American Atlantic coastal actinians. Mar. Biol., 7 : 123-130.

SHICK, J. M., 1976. Ecological physiology and genetics of the colonizing actinian Haliplanella
luciae. Pages 137-146 in G. O. Mackie, Ed., Coelenterate ecology and behavior.

Plenum Press, New York.

SHICK, J. M., AND A. N. LAMB, 1977. Asexual reproduction and genetic population structure

in the colonizing sea anemone Haliplanelln luciae. Biol. Bull., 153 : 604-617.

SOKAL, R. R., AND F. J. ROHLF, 1969. Bionictrv. W. H. Freeman and Co., San Francisco,
776 pp.

STEPHENSON,T. A., 1935. The British sea anemones, vol. II. The Ray Society, London, 426 pp.

TORREY, H. B., AND J. R. MERY, 1904. Regeneration and non-sexual reproduction in Sagartia
davisi. Univ. Calif. Publ. Zoo/., 1 : 211-226.



REGULATIONOF FISSION' IN //. LUCIAE 493

UCHIDA, T., 1932. Occurrence in Japan of niaditmcnc luciac. a remarkable actinian of rapid

dispersal. /. Fac. Sci., Hokkaido hnf. Univ., Ser. IV, 2: 69-85.

UCHIDA, T., 1936. Influence of the currents upon the distribution of races and frequency of

asexual reproduction in the actinian, Diadumene hiciac. Zool. Mag., Tok\o, 48 :

895-906.

WILLIAMS, R. B., 1973. Are there physiological races of the sea anemone Diadumene luciaef

Afar. Biol, 21 : 327-330.

ZEUTHEN, E., 1964. The temperature-induced division synchrony in Tctrahymena. Pages
99-158 in E. Zeuthen, Ed., Synchrony in cell division and grozvth. Wiley Interscience,

New York.

ZEUTHEN, E., AND O. SCHERBAUM,1954. Synchronous divisions in mass cultures of the ciliate

protozoon Tetrahymena pyriformis, as induced by temperature changes. Pages 141-157

in J. A. Kitching, Ed., Recent developments in cell physiology. Academic Press,

New York.


